Objective The aim of this study was to elucidate the efficacy of cyclophosphamide (CY) in Japanese patients with antineutrophil cystoplasmic antibody (ANCA)-associated microscopic polyangiitis (MPA). Methods Sixty-four patients, newly diagnosed with ANCA-associated MPA were included in this retrospective study. The patients were divided into two groups based on whether they received combination therapy of CY and corticosteroid (CS) (CY group, n=29) or CS alone (CS group, n=35) for remission induction. The primary outcome was all-cause mortality. Results Most patients in the CY group were treated with oral CY. Between the two groups, there were no differences in the baseline characteristics except for a higher proportion of male patients in the CY group. The remission rate was not substantially different between the two groups (86.2% in the CY group vs. 91.4% in the CS group). The survival rate was slightly higher in the CY group than in the CS group (not statistically significant; 0.86 vs. 0.77 at 1 year and 0.73 vs. 0.64 at 5 years, p=0.648). In the CY group, the hazard ratio after adjusting for age, sex, Birmingham vasculitis activity score values, serum albumin levels and Creactive protein (CRP) levels was 0.657 (95% CI, 0.254-1.699; p=0.386). Conclusion We observed no increased efficacy of CY in ANCA-positive MPA in the Japanese patients, and hence, its efficacy may be limited in these patients.
Introduction
Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is classified into four types: granulomatosis with polyangiitis (GPA), eosinophilic granulomatosis with polyangiitis, microscopic polyangiitis (MPA) and the renal limited variant of MPA (RLV) (1) .
The clinical background of AAV in Japan has recently been reported to be different from that in Europe. First, proteinase-3 (PR3)-ANCA-associated GPA is uncommon in caused by the primary disease (8, 9) . Therefore, the combination treatment with CY and CS is uncommon in Japan because of the high risk of life-threatening infections (8) . Moreover, few studies have investigated the long-term prognosis and actual causes of death in Japanese patients with AAV (8, 9) . The aim of this study was to clarify the longterm outcome and efficacy of CY for remission induction in Japanese patients with ANCA-positive MPA.
Materials and Methods

Ethics
This study was approved by the ethics committee of Iwate Prefectural Central Hospital and was conducted in accordance with the ethical principles of the Declaration of Helsinki. We did not obtain written informed consent from each participant because the ethical guidelines for epidemiological research in Japan did not require consent for a retrospective study in which the researchers reviewed only the medical records (10) .
Participants
We screened 81 consecutive Japanese patients who were newly diagnosed with AAV between 2000 and 2010 at Iwate Prefectural Central Hospital in Japan. Three GPA, two eosinophilic granulomatosis with polyangitis (EGPA) and three ANCA-associated classical polyarteritis nodosa patients were excluded based on the diagnostic criteria of the Research Group of Intractable Vasculitis of the Ministry of Health, Labor and Welfare of Japan (11) . We also excluded one patient with propylthiouracil-induced MPA, four patients with active malignancies at the time of diagnosis, three receiving prednisolone prescribed by their previous physician and one with dementia who refused treatment. After excluding these 17 patients, 64 MPA patients (39 males and 25 females) were enrolled in this retrospective study. We followed up these patients for at least 6 months from the initiation of CS therapy or until death.
The patients were divided into two groups based on whether or not they received CY in addition to CS for remission induction during their first hospitalization. The patients were treated non-randomly, according to the judgment of the attending physician, either with a combination of CY and CS (CY group, n=29) or with CS alone (CS group, n= 35).
Clinical evaluation and outcome
Clinical data at the time of diagnosis were obtained from hospital records. These data included the serum creatinine, albumin (Alb), C-reactive protein (CRP) levels, and the Birmingham vasculitis activity score 2003 (BVAS) values as confounding factors (12, 13) . The estimated glomerular filtration rate was calculated according to the standard equation for Japanese patients (14) . The primary outcome was all-cause mortality. The dates and causes of death were obtained from the patient records, including hospital and general practice records.
Statistical analysis
We compared the survival rate between the treatment groups using survival analysis. Furthermore, Kaplan-Meier curves were plotted and treatment groups were compared using the log-rank test. We calculated hazard ratios (HRs) using Cox regression hazard models. The following tests were used to compare the demographics and disease characteristics between treatment groups: chi-square test for categorical variables, Student's t-test for normally-distributed variables and the Mann-Whitney U-test for non-normally distributed variables. Data are shown as the mean ± standard deviation or median (25-75th percentile). Statistical analyses were performed using the SPSS 17.0 software program (SPSS Inc., Chicago, IL), and p<0.05 was considered to be statistically significant.
Results
Patient characteristics
The mean follow-up period was 38 months (range, 1-111 months) in the CY group and 41 months (range, 1-94 months) in the CS group. Table 1 shows the baseline characteristics of patients with ANCA-associated MPA. Mean ages in the CY and CS groups were 68±10 and 69±13 years, respectively. The proportion of male patients was higher in the CY group than in the CS group (76% vs. 49%, p=0.026). Four patients (14%) in the CY group and three (9%) in the CS group showed renal-limited vasculitis. The prevalence of MPO-ANCA-associated MPA was high in both groups: 24 patients (83%) in the CY group and 33 (94%) in the CS group. The number of patients with PR3-ANCA-associated MPA was only five (17%) in the CY group and two (6%) in the CS group (p=0.141). None of the patients were positive for both MPO-ANCA and PR3-ANCA. There were no differences in the BVAS values and serum Alb levels between the two groups. The median serum creatinine level was slightly higher in the CY group than in the CS group, however, the difference was not significant (2.7 mg/dL vs. 1.9 mg/dL, p=0.492).
Among the total number of patients, renal involvement was observed in more than 90% patients and chest involvement in about 65% of patients (Fig. 1) . Although nervous system involvement was slightly higher in the CS group than in the CY group, there was no statistically significant difference in the prevalence of organ involvement between the two groups.
Treatment
All patients received oral prednisolone (PSL) daily with or without an intravenous pulse dose of methylprednisolone (mPSL) of 250-1,000 mg daily for 3 consecutive days. Sixteen patients (55.2%) in the CY group and 21 (60.0%) in the CS group (p=0.791) received pulse doses of mPSL. The average dosages of PSL in both groups were approximately equal at the initiation of treatment: 31.2±7.0 mg/day in the CY group and 30.1±10.8 mg/day in the CS group, p=0.650. The dosages of PSL in both groups were tapered at a similar rate for 1 month (23.6±6.6 and 22.3±7.0 mg/day, respectively). However, the dosage of PSL at six months was smaller in the CY group than in the CS group (10.8±2.2 vs. 14.2±5.1 mg/day; p=0.006).
In the CY group, five patients were treated with oral CY at a dosage of 50 mg/day, 16 with 25 mg/day, and four with 25 mg every other day. In three patients, oral CY was discontinued because two patients showed bone marrow suppression and one patient developed end-stage renal disease (ESRD) within a month. The median duration of oral CY treatment was 6 months and the maximum duration was 22 months. Intravenous (IV) CY (500 mg/month) pulse therapies were administered for two to six months in only four patients. CY was administered at various times after CS administration; the median interval from the initiation of CS to the initiation of CY was 18 days (range, 0-40 days). Fig. 2 shows age, body weight (BW) and eGFR for each dosage of oral CY and IVCY. The patients treated with lesser dosages of oral CY tended to be older, lighter weight, and associated with lower eGFR. IVCY therapy was done in younger and heavier patients with a low eGFR. The median levels of age, BW and eGFR in each group were as follows: 78 years old, 47.9 kg, and 11.4 mL/min/1.73 m 2 in patients with oral CY 25 mg every other day (n=4), 67 years old, 54.5 kg, and 20.0 mL/min/1.73 m 2 in those with oral CY 25 mg/day (n= 16), 75 years old, 60.1 kg, and 39.8 mL/min/1.73 m 2 in those with oral CY 50 mg/day (n=5), 63.5 years old, 59.2 kg, and 10.2 mL/min/1.73 m 2 in those with IVCY (n=4). Regarding the maintenance therapy for the CY group, only mizoribine was coadministered with CS in 2 patients. In the CS group, CY, mizoribine, cyclosporine, and methotrexate were coadministered with CS in 6, 2, one, and one patients, respectively. To prevent Pneumocystis jiroveci pneumonia (PJP), trimethoprim-sulfamethoxazole was used in 58.6% (17 out of 29) in the CY group and 45.6% (16 out of 35) in the CS group (p=0.303; data not shown).
Outcome and risk factors
As a result of the induction therapy, 25 out of 29 patients (86.2%) and 32 out of 35 (91.4%) in CY and CS groups achieved remission, respectively; the difference was not significant (p=0.527; Fig. 3a) . Among the total of 64 MPA patients in both groups, 22 died, including nine of 29 (31%) in the CY group and 13 of 35 (37%) in the CS group. In the CY group, the causes of death were pulmonary hemorrhage in 1 patient, gastrointestinal hemorrhage in 1, malignant disease in 2, cardiovascular disease in 2, bacterial pneumonia In the CS group, the causes of death were pulmonary hemorrhage in 1 patient, uremia in 1, gastrointestinal hemorrhage in 2, bacterial pneumonia in 3, PJP in 2, bacteremia in 2, and unknown causes in 2 which were likely related to physical deterioration associated with old age. The number of deaths due to infections was smaller in the CY group than in the CS group (three in the CY group and seven in the CS group). The infectious disease mortality rate at five years was 17% in the CY group and 23% in the CS group, although no statistical difference was found between the groups (p=0.367). This trend was seen even at 6 months after the initiation of therapy, when most patients in the CY group were receiving CY ( Table 2 ). Seventeen patients became dependent on hemodialysis, including seven (24%) in the CY group and nine (26%) in the CS group. Although eight patients needed hemodialysis on admission, fortunately the renal function recovered within a short period of time in two of these patients. The survival rates at 1 and 5 years for all patients were 0.81 and 0.68, respectively (Fig. 3b) . The survival rate was slightly higher in the CY group than in the CS group, but there was no statistically significant difference ( Fig. 3c; 0 .86 vs. 0.77 at 1 year, 0.73 vs. 0.64 at 5 years, p=0.648). Age, BVAS values, CRP levels and serum Alb levels were found to be related to the primary outcome by univariate analysis (Table 3a) ; however, sex, serum creatinine and ANCA type were not related to the primary outcome. Among patients receiving CY, the unadjusted HR was 0.813 and the HR after adjustment for age and sex was 0.710 (Table 3b) . Although the HR decreased to 0.657 after full adjustment for age, sex, BVAS values, serum Alb levels and CRP levels, there was no statistically significant difference (p=0.386). In this final multivariate model, no factors were found to be independent risks. When we used the combination of ESRD and allcause mortality as an outcome, the survival rates were also not different between the two groups (0.83 vs. 0.69 at 1 year and 0.50 vs. 0.55 at 5 years, p=0.963; Fig. 3d ).
Discussion
In this study, we were unable to find any statistically significant efficacy of the combination of CS and CY for remission induction in Japanese patients with ANCA-positive MPA, but the fully adjusted HR for mortality showed a tendency for decreased mortality rate in CY-treated patients (Table 3 ; HR=0.657). The efficacy of CY in AAV has been confirmed in several studies in the US and Europe (15) (16) (17) . Hogan et al. reported that the non-adjusted HR for death was 0.18 among MPA patients treated with CY (18) . CY was used in approximately half of the Japanese MPA patients in a Japanese prospective cohort study (JMAAV study) and a high remission rate was reported (19) . However, in Japan, CY is not generally used in the treatment of cases of RPGN including AAV for remission induction (8) . What is the reason for this difference between the West and Japan? Our findings suggest the following three possible explanations: First, there may exist ethnic and/or inherited dif- ferences between the two populations in response to immunosuppressive agents. Second, GPA in young patients, which responds well to immunosuppressive agents, constitutes most cases of AAV in Caucasians (5). In Japan, however, GPA is a rare disease whereas MPO-ANCA-associated MPA is the most common form of AAV in elderly patients. In particular, MPA in patients older than 60 years constitutes more than half of all Japanese cases of AAV, and as a result, the risk of infection due to CY therapy may be increased in Japanese AAV (8) . Third, the Japanese guidelines for ANCA-positive RPGN are based on a Japanese nationwide retrospective survey which included all types of RPGN, and patients with AAV constituted about half of all the enrolled participants (8) . To date however, there has been no Japanese nationwide survey investigating the efficacy of CY in Japanese AAV patients.
The number of early deaths directly associated with ANCA-positive MPA such as those due to alveolar hemorrhage was very small in both groups and short to long outcomes were good (Table 2 ). This study, in which the followup rate of patients was 98%, also clarified the long-term outcome and causes of death in Japanese patients with ANCA-positive MPA. The number of deaths due to infection in the present study accounted for about half of allcause mortality, similar to the results of previous studies (8, 9, 20) . The number of deaths due to infection was less in the CY group than in the CS group, although no statistically significant difference was observed between the two groups. This might be related to the fact that the utilization rate of trimethoprim-sulfamethoxazole was higher and the PSL dosages at 6 months after the initial treatment were lower in the CY group than in the CS group. The dosage of CY in this study was approximately half of the dosage recommended by the European League Against Rheumatism (EULAR) (15) , since the recommended dosages are not considered to be appropriate for Japanese patients. The complete recommended dosage likely causes bone marrow suppression in Japanese MPA patients who are older and have lower eGFR just like the participants in the present study, compared with European participants in the previous study (6) (69 vs. 57 years old and 20.5 vs. 36.5 mL/min/1.73 m 2 , respectively), and Japanese elderly persons are of small stature. Although the serum creatinine levels were similar to those of the European study, the eGFR levels were approximately half.
Rituximab which is an anti-CD20 monoclonal antibody and mycophenolate mofetil have been recently reported to be efficacious in the treatment of AAV (21) (22) (23) (24) . However, the reported efficacy of these drugs is not superior to combined CS and CY therapy. Plasma exchange has also been reported to be more effective than intravenous methylprednisolone for the renal involvement of AAV (25) . In Japan, however, plasma exchange is not common because the treatment for AAV is not covered by medical insurance (9) . Hence, the options for remission induction therapy for AAV patients in Japan are limited to CS alone or the combination of CS and CY.
Two limitations in the present study need to be addressed. The first limitation concerns the treatment bias. The CY group might contain patients who did not respond to CS alone and, consequently were started on CY. The second one is a matter of CY dosages. Our patients received lower dosages of CY than those recommended by the EULAR, although we thought these dosages were sufficient as mentioned above. Therefore, there is the possibility that this may lead to an insignificant effect of CY on the outcome.
In conclusion, combination therapy with CY and CS tended to reduce the total number of deaths, but we could not find any statistically significant difference between the two groups. This study does not necessarily show that CY is ineffective for Japanese patients with ANCA-positive MPA, instead our findings suggest that CY may have a beneficial effect on some Japanese patients with ANCA-positive MPA. However, this study could not clarify what kind of patients benefit from combination therapy with CY and CS. Further studies, such as a prospective study or a randomized control study, are therefore needed to clarify this point.
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